Objective: This study describes the development of two updating measures of working memory (WM): Letter Updating Test (LUT) and Word Updating Test (WUT). Methods: In stage 1, items were created and the instruments were assessed by experts and laymen. In stage 2, tests were given to 15 patients with schizophrenia and 15 paired controls. All were able to understand and respond to the instruments. In stage 3, 141 patients with schizophrenia and 119 healthy controls aged 18 to 60 took part; they were assessed on WM, processing speed (PS) and functional outcome. Results: The results showed adequate rates of internal consistency for both measures developed, for both the total sample and each group separately, as well as evidence of convergent validity, discriminant validity and sensitivity to differentiate performance among the groups. Principal component analysis yielded two components, one for updating tests and other for PS measures, indicating factorial validity. Positive and significant, yet low, correlations were found with functionality measures. Conclusion: These results provide adequate psychometric parameters for the measures developed, applicable to cognitive research settings in schizophrenia.
INTRODUCTION
It has been shown through a dense body of evidence that, in schizophrenia, there is an impairment of working memory (WM) 1 , as a result of altered neural mechanisms which underlie its function 2 . The extent of this impairment is associated with both the level of adaptive functioning of patients and the age of onset of the symptoms [3] [4] [5] . Furthermore, individuals sharing genetic components of vulnerability to schizophrenia, yet not affected by it, also show WM impairment 6 . WM is typically defined as the skill of maintaining and handling information in the mind for a short period of time, playing and essential role in complex cognition. Although the WM term is used in different contexts by different communities of researchers and models of WM may differ radically in their scope and focus 7 , the Baddeley model 8 exerts major influence over the organization of this skill, contributing to methods of measurement.
According to this model, there are four different major components in WM: 1) the visuospatial sketchpad, which holds visual and spatial representations of objects; 2) the phonological loop, which is a linguistic system enabling processing of linguistic representations through articulatory mental rehearsing; 3) the central executive, which guides manipulation and transformation of information sustained in reservoirs, protection from interference due to competing information, temporal coding, and updating of the contents of WM; and 4) the episodic buffer, which creates representations based on the integration of different information involved, allowing for the register of an operation as a coherent "episode". Each one of these subsystems has subprocesses that interact with each other.
Due to the centrality of WM in schizophrenia, this construct is thought to be crucial in understanding the pathophysiology of this disorder 2 . However, as suggested by Cognitive Neuroscience Treatment Research to Improve Cognition in Schizophrenia (CNTRICS), there exists a variety of mechanisms involved in WM, such as goal maintenance, interference control, maintenance over time, updating, strategic encoding, long-term memory reactivation, and capacity of information that can be maintained in WM 1 . Some of these mechanism present an abundant degree of evidence for immediate translation (including neural and psychological construct validity, evidence for impairment in schizophrenia and link to functional outcomes) and use in clinical trials testing new agents to improve cognitive functions in schizophrenia, while others, such as updating, remain relatively lacking in evidence 1 . This study is focused, then, on the updating process, which is one of the functions of the central executive and is considered to have little consensus for immediate use for translation.
In everyday functioning, when an individual is challenged to cope with novel or complex situations, or when there are several competing possible responses, he/she may need to implement or create a new strategy to achieve success 9 . Some authors have proposed the existence of a dynamic gating mechanism responsible for updating or implementing behavior when already learned schemas are insufficient to cope with the situation. Thus, a deliberate or conscious control may alter the ongoing cognitive process and construct a new schema. Once said implementation or schema is completed, then the gate mechanism is closed and other executive mechanisms responsible for maintaining the updated or implemented representations, begin to play a relevant role as a bias signal that alters the information flow, preventing possible competition processes to take place in other parts of the system 10 . Therefore, it is thought that WM process requires rapid updating and robust maintenance as achieved by a selective gating mechanism [11] [12] [13] . It is thought that updating consists of actively monitoring and codifying information coming in, reviewing the items that are being sustained, contrasting this information with new information and, finally, replacing the information that has become irrelevant. Ecker et al. 14 suggested that a typical updating task can be decomposed into 3 major component processes: retrieval, transformation, and substitution. Through structural equation models, these authors tested the link between updating task performance and WM capacity measures. Although the WM capacity was a strong predictor of updating skills, some component processes, especially, substitution skills seemed to be independent of WM capacity. Thus, substitution skills were assumed to make an independent mechanism of updating and essential to be incorporated in updating paradigms.
It has long been established that damage to the basal ganglia can produce similar cognitive impairments as damage to the frontal cortex [15] [16] [17] . Such similarities are thought to be accounted by the close interaction between the basal ganglia and the frontal cortex 18 . Thus, different computational models are proposed in order to explain such gate mecha-J Bras Psiquiatr. 2015;64(3):238-46.
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nism along with neurotransmitter systems. For example, it is suggested that dopaminergic signals from the basal ganglia serve as "gating" signals that indicate when to update the contents of WM 13, 15 . Braver and Cohen 11 have suggested that updating information in WM is facilitated by dopamine, and that phasic dopamine signals help to gate or regulate what information must be loaded into WM. Considering that WM deficits in schizophrenia may be caused by catecholaminergic deficits, all these models can be applied in the study of updating in schizophrenia.
One study showed that patients with schizophrenia have impaired performance in updating tasks. Galletly et al. 19 used event-related potentials (ERPs) to distinguish between patients' ability to update WM from their ability to detect and respond to target stimuli. Patients responded to a so-called two-in-a-row task (TIAR task). In this task, participants were asked to issue a response every time they identified two identical stimuli shown in sequence. To do this, it is necessary to continually codify and monitor each stimulus and contrast it with the previously shown stimulus. This demands significant and continual executive control. Patients with schizophrenia show less evoked potential when detecting non-target stimulus, suggesting less capacity over time to actively monitor the input of stimuli in the system. They are also less accurate in the responses they should update. However, as suggested by the CNTRICS 1 , more research is needed to justify the use of updating in clinical trials to improve cognition in schizophrenia 1 . In this way, in this present study aimed at investigating cognitive deficits in schizophrenia and its relation with other characteristics of the illness, it is fundamental that tests be available with the appropriate psychometric properties. Therefore, the goal of this study was to develop and adapt two measures for updating WM based on two paradigms that are widely used internationally [20] [21] [22] [23] [24] . They are: Letter Memory Task (LMT) 22 and Keep Track Task (KTT) 24 . More specifically, an effort was made to develop items for the tasks and investigate their internal consistency and evidence of validity based on relationships with other variables.
METHODS
The study was developed based on three stages, described below:
Stage 1 -Development and tasks
In the Letter Updating Test (LUT) (based on the Letter Memory task) 21, 22 ten lists containing letters are shown to the participant. The subject is asked to pay attention to a computer screen where the letters are displayed. Each letter is shown separately and remains displayed on the computer screen for two seconds. With each new item, the participant has to say the last three letters in the list shown. In other words, to ensure the updating process, the indivi dual should continually say each letter shown on the screen, adding the subsequent letters to it. Therefore, when the fourth letter on the list appears, the oldest letter (the first letter, in this case) should be eliminated, forming a new sequence. If the letters in the list are "A, E, T, H, G, U, V, X", the participant has to say A. 20, 23 , six different target categories are shown to participants: "Animals", "Colors", "Countries", "Distances", "Metals" and "Family Members". Fifteen words, including two or three elements in each target category, are randomly organized and orally presented by the person applying the test, waiting approximately one second between each one, while four or five of these target categories remain displayed the computer screen. The participant is then asked to remember and say the last words in each target category shown. For example, if the categories are "Distances", "Family Members", "Colours" and "Animals", at the end of the test the participant should remember the last word in the "Distance" category, the last word in the "Family Members" category, in "Colour" and in "Animal". The participant, therefore, has to actively monitor each word shown and update a category when there is more than one word from the same category on the list. Before starting the task, six target categories are shown along with all of the words that make up these categories so that participants can familiarize themselves with them. Three trial runs are conducted.
The categories chosen were based on, and adapted to the version presented by Miyake et al.
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For both instruments, both the instructions and the items were assessed independently by four clinical neuropsychologists with experience in psychometrics, in order to assess the content and form of the items. They were also assessed by three layman in the area, aimed at verifying the clarity of the instructions and comprehension of the task. The advisors were asked to judge whether the item represented the construct of WM updating, the item's level of difficulty and if the instructions were clear. The advisors were also asked to highlight whether the item was necessary or unnecessary and make suggestions that were deemed pertinent. For the LUT, the variation of items differs only in the letter used and the level of difficulty (as where three letters are updated and another where four letters are updated). For the WUT, the variation of the items is only related to the type of category that will be shown and the level of difficulty (as when one part where the words are updated in four categories and another part with five categories). A minimum of 90% agreement between the advisors was achieved [formula used: (number of people in agreement with the item/total number of participants)*100 25, 26 . Accordingly, no item needed to be reformulated.
Stage 2 -Pilot study
After creating the items and instructions, the two tasks were applied to 15 patients with schizophrenia (60% male), chosen for convenience, from an outpatient unit at the Federal University of Sao Paulo (Unifesp). Subjects were required to have Portuguese as their primary language. To be eligible for participation, participants should have had more than three years of formal education. The lower level of formal education was chosen to test the level of difficulty and comprehension of the items and instructions. Thus, we collected information from the subject on the highest grade of school they had completed. Average age of the patient group was 32 (SD = 10.33) and average education level was 3.89 (SD = 1.09). This group was paired with 15 healthy age and education-matched controls, chosen for convenience, the age base was (M = 31.60; SD = 10.14), sex (60% male) and education level (M = 4.00; SD = 1.15). All of the participants were able to understand the instructions and respond to all of the items. The Mann-Whitney test for comparison between groups showed that the patients with schizophrenia performed worse on the LUT (U = 18.00; Z = 2.42; P < 0.01) and on the WUT (U = 17.00; z = 2.52; p < 0.01)
Stage 3 -Study of psychometric properties
One hundred and forty one outpatients with schizophrenia, ages 18 to 60, were invited to take part in the study. To confirm the schizophrenia diagnosis, all participants were given a Semi-Structured Interview from the Diagnostic and Statistical Manual of Mental Disorders, 4 th Ed. (SCID-IV) 27 . The patients were also evaluated with the Positive and Negative Syndrome Scale (PANSS) 28 , Calgary Depression Scale for Schizophrenia (CDSS) 29 , Clinical Global Impression, (CGI) 30 , and Global Assessment of Functioning (GAF) 31 . The patients were being treated with atypical antipsychotics, and medication dosages were stable for at least 4 weeks prior to cognitive assessment. A sample, selected based on convenience, of 119 healthy controls, paired with the patient group according to age, gender and academic level, was also assessed. All were given the SCID-IV and did not meet the criteria for psychiatric disorders. Participants in both groups had to have finished at least Primary School and may not have abused alcohol or other drugs for at least two months. Moreover, they had to be at least 18 years old, their mother tongue had to be Portuguese and they had to have an IQ ≥ moreover, they had to be at least 18 years old, their mother tongue had to be Portuguese 32 .
Instruments
Positive and Negative Syndrome Scale (PANSS) 28 : the PANSS was applied to the group for assessment of psychopathology. This measure includes 30 items: seven positive symptoms, seven negative symptoms and sixteen general psychopathology items. Symptoms are measured on a Likert scale ranging from 1 to 7, with a 1 being no symptoms and a 7 being a severe presence of symptoms.
Visual Working Memory Test (VWM): 33, 34 this is a computerized task where the participants see one to four 3 x 3 matrices, with a stimulus in each matrix. Next, the participant sees spatial manipulations represented by arrows, indicating the direction that the stimulus should be moved. For instance, an arrow pointing left followed by an arrow pointing up indicates that the participant should manipulate the stimulus in the matrix by placing it one column to the left and one line above its initial position. The participant is tasked with selecting the final position of the stimulus after executing the manipulations indicated. The individual must update the location where the stimulus is moved to with each new arrow that appears. Altogether there are 26 items with a growing degree of difficulty. There is no time limit to provide the response, with application being automatically interrupted by the system after five consecutive errors.
Digit Span BacTest from the Wechsler Intelligence Scales 35, 36 : this study only used the score on the indirect part of the test. For Digit Span Backward, the examinee is read a sequence of numbers and recalls the numbers in reverse order.
Trail Making Test (TMT) (Public Domain): although considered a measure of attention allocation and flexibility, the TMT has important WM loads. This test requires an indivi dual to draw lines sequentially connecting 24 encircled stimuli distributed on a sheet of paper. In Part A, the circles are num- pattern, but with the added task of alternating between the numbers and letters (i.e., 1-A-2-B-3-C, etc.). The patient should be instructed to connect the circles as quickly as possible, without lifting the pen or pencil from the paper. Examiner must time the participant as he or she connects the "trail". If the subject makes an error, point it out immediately and allow the patient to correct it. Errors affect the subject's score only in that the correction of errors is included in the completion time for the task. The time to complete TMT-A and TMT-B were measured, and the difference in score between TMT-A and TMT-B (B-A) was the depend variable used in this study.
Processing Speed Assessment Tasks: two measures were used to measure processing speed (PS). The first consists of the color naming part (congruent) of the version of the Computerized Victoria Stroop described in Berberian et al. 34 , wherein the goal is to name the colours (yellow, blue, green and red) of 24 circles that appear on the computer screen for 40 milliseconds). The second PS measure was the Number Identification Task, consisting of showing participants 30 pairs made up of one letter and one number (for example: 8H). Participants were instructed to indicate if the number is even or odd and ignore the letter. Responses for both PS tests were recorded with a microphone and the average reaction time per item correctly answered was the dependent variable.
Two measures were used to assess adaptive functioning: the Global Assessment of Functioning (GAF) 31 and the Clinical Global Impression Scale (CGI) 30 . The first scale scores the level of functionality from 0-100. The second is used to assess the overall severity of the patient, considering frequency and intensity of symptoms. It scores from 1 (normal, not ill) to 7 (extremely ill).
Procedure
All study procedures were approved by the Ethics Committee of the institution where it was conducted. After signing the consent form, subjects were assessed individually in an appropriate room. Assessment sessions began after an Informed Consent Agreement was signed. At the first session, patients were evaluated by psychiatrists trained in application of the SCID and PANSS (with Kappa intra-rater coefficient ranging from 0.63 to 1.0) to determine study eligibility. At the same time, the R1 test was applied by psychologists. The project's total cognitive assessment was done in one session lasting approximately 90 minutes. Participants were given a snack and were free to leave the assessment location whenever they wanted. Cognitive assessments were individual, took place in an appropriate room and were done by psychologist trained in assessment.
Data analysis
Data distribution was verified using skewness, kurtosis and the Kolmogorov-Smirnov tests. Logarithmic transformations were performed for measures that did not achieve normality in distribution. A new analysis of distribution was then carried out to certify if the data achieve normally distribution. After this confirmation, all the analyzes could performed. For calculating precision, internal consistency was verified using Cronbach's Alpha and the split-half method with correction using the Spearman-Brown formula. Pearson correlations were used for evidence of validity based on the relation with other variables, between the two tasks and other tasks that engage WM ability (VWM, Digit span backward, and the difference in score between TMT-A and TMT-B). Correlations between updating and PS measures were implemented to verify evidence of discriminant validity, since studies of cognition in schizophrenia suggest seven different cognitive dimensions, with PS being a separate construct of WM. Updating measures were correlated with the Digit Span Test -Backward Order, the TMT-Part B and the Visual Working memory Test for evidence of convergent validity. Analysis of the Pearson correlation was also used between the two updating measures and the GAF. Principal Components Analysis (PCA) of the variable LUT, WUT, VWM, Backward Digit Span, Color naming (stroop), and Number Identification, was also used to find evidence of validity based on the internal structure of the measures, based on the aforementioned studies of cognition in schizophrenia. Factors with eigenvalues of greater than 1 were extracted and factorial loadings of over 0.40 were considered as relevant.
Diagnosis of schizophrenia as an external criteria was used for criteria validity, with the analysis of covariance (ANCOVA) being used, considering non-verbal intelligence as a covariant for comparing the average performance between groups. The intelligence variable as a covariant was used due to the high correlation that exists between WM and fluid intelligence and to the IQ difference between the groups, according to the data shown in table 1.
RESULTS
The demographic data for both groups is shown in table 1 along with clinical information. Comparison of demographic variables between groups showed a difference among nonverbal intelligence. The exclusion criterion was intelligence under 80, with no participant having this IQ score on the R1 Test.
Considering the total sample, LUT showed a Cronbach's Alpha of 0.83 and a Spearman-Brown coefficient of 0.93. For the WUT, the Alpha was 0.73 and the Spearman-Brown was 0.84. When analyzed separately, by group, the LUT had an alpha of 0.83 for the patient group and 0.77 for the control group. The Spearman-Brown coefficient was 0.82 for patients and 0.78 for the control group. For the WUT, the Alpha was 0.72 for the schizophrenia sample and 0.68 for the control group. The Spearman-Brown coefficient was 0.95 for patients and 0.76 for the control group. Table 2 shows the rates of correlation amongst all measures used. According to table 2, significant correlations were found between the updating measures and the other instruments that assessed WM. The results point to positive and significant correlations of a moderate magnitude among the updating measures for the different groups with the VWM and Backward Digit Span, indicating that part of the variance in scores could be attributed to a common component, although each task demands specific components. Regarding the Trail Making Test (time difference B-A), significant correlations of a moderate magnitude were found, however they were negative, indicating that better performance on updating measures is associated to a lesser amount of time executing the Trail Making Test. Both updating tests also showed positive and significant correlations of a moderate magnitude among each other. The LUT and WUT updating tests showed negative and significant correlations of low magnitude with the PS measures. In relation to measures of adaptive functioning, positive and significant correlations, but of a low magnitude, were found with the updating measures.
PCA with orthogonal rotation (varimax) was employed for the groups, separately. One single factor emerged for the schizophrenia group, with 50% of variance explained (eigenvalues of 3.00). However, the two processing speed tests showed a lower factor and negative loading when compared to the rest of the factor. Two factors emerged for the control group, with 67% of variance explained. Factor 1 included working memory tests and the two new updating tests (with 43% variance and eigenvalue of 2.81), while the two processing speed measures formed factor 2 (with 24% variance explained and eigenvalue of 1.05). Table 3 shows the factor loadings obtained for each factor based on the group.
To verify evidence of validity based on an external criterion, a comparison was done of performance between the groups. Table 4 shows the data obtained based on the analysis. Analysis of covariance showed a significant difference between the groups in all measures, with the schizophrenia group having lower scores on updating tasks and being slower on PS tasks. Cronbach's Alpha in addition to good homogeneity based on the Spearman-Brown split-half method. With this, interpretations regarding results are relatively free of biases determined by particularities of specific items. When considering only the sample of the patients with schizophrenia, on other hand, the WUT items showed a moderate alpha, Overall, the values gained using the Spearman-Brown Coefficient were found to be greater in relation to Cronbach's Alpha Coefficient. In this sense, if a test is more homogenous, greater Spearman-Brown Coefficient values are found in relation to the internal consistency coefficient values. The rates of precision were therefore satisfactory, suggesting good internal consistency among all of the items in the two tests.
Four different measures that engaged WM showed a moderate to high convergence level with the LUT. On the other hand, the WUT only showed convergence with two measures. One possible explanation for this difference could be found by analyzing the constructs that each task engages as well as by interpreting the factor loadings produced. While the TMT and the Backward Digit Span engaged processes such as sustaining and manipulating items 37, 38 the VWM, LUT and WUT seem to engage a greater update load 22 .
In the VWM, whenever a new "arrow" indicates where the stimulus should be moved to, an update should be done. In the WUT, the target categories were shown on the computer screen, freeing up the central executive to carry out updates, with a lesser load of the sustaining processes in WM. On the other hand, although the LUT has a greater updating load, this task also engages sustaining of updates, since in order to execute these updates, from three to four items should be simultaneously sustained. This is probably the reason why the LUT had better rates of convergence with all four tasks, while with the WUT this only occurred with tasks involving a greater update load. Corroborating this interpretation, the factor analysis showed that Factor 1 had greater loads of updating tasks, i.e., LUT, WUT and VWM, while the digit span task showed a lower factor loading.
Many studies show that WM is related to functionality in schizophrenia 4, 39 ; however, although significant, the LUT and WUT show only a low correlation with the functional outcome measures.
The study also provided evidence of discriminant validity for both instruments. Although in the general population there could be some level of covariance between executive functions and processing speed 38 , these constructs are independent of one another at the factorial level. Studies on cognition of schizophrenia also suggest this dissociation 40, 41 . This study therefore corroborates the weak relationship between the two updating measures and processing speed, corroborating various findings in the area.
Nonetheless, the ACP showed only one factor for the schizophrenia group, when measures of PS and updating were considered, whereas two factors were shown for the 
DISCUSSION
This study reports on the development of two WM updating measures and explores their psychometric properties. Two main aspects are outlined by these results. First, the assessor evaluations of items and instructions as well as application of tests in a pilot sample showed appropriate validity of content and potential for criterion validity using the diagnosis of schizophrenia as an external criterion. Second, the two measures of updating showed excellent psychometric properties, that is, good levels of internal consistency and suitable evidence of validity based on their relationship with other variables. Insofar as the precision of measures is concerned, the LUT and WUT items showed good internal consistency, based on healthy control group. In the latter group, the two processing speed measures constituted a separate facet, in line with discriminant validity data. The two processing speed measures for the schizophrenia group showed negative factor loadings, demonstrating an inverse impact on the factor; in other words, the higher the level of updating, the slower the processing speed and vice versa. Despite this, the PS measures showed low factor loadings.
Dickinson et al. 42 tested a two-level hierarchical cognitive model. At the first level, the model conceives of six latent dimensions (verbal comprehension, perceptual organization, visual memory, verbal memory, processing speed and executive functions/working memory); at the second level is a second-order general factor that determines the variance of the six first-order factors. Through confirmatory factor analysis and application of gradual restrictions on the model's parameters, the researchers found that the schizophrenia group showed more homogenous cognition than the control group. In our study, although cognitive performance in schizophrenia has been suggested to be fractionated 40, 41 , our results corroborate prior studies 42 suggesting that people with schizophrenia have a more unitary cognitive structure. This unitary cognitive performance may be a reflection of the variable cortical and subcortical dysfunction present in schizophrenia 43 or the existence of a more widespread range of test performance among patients than in healthy controls 42 . That's why focus on group average performance, or use of samples with individuals who are at different phases of the illness, may mask the existence of different cognitive profiles amongst patient subgroups 44 . Both measures developed proved to be sensitive to differentiation of performance by individuals with schizophrenia from those without any psychiatric diagnosis. The size of the effect of this differentiation ranged from average (LUT) to significant (WUT). Therefore, using the diagnosis as an external criterion, evidence of validity for both measures was established. These results are in line with the substantial literature in the area, reporting losses in WM and updating in schizophrenia 1, 19, 34 . The study1s main limitation regards the heterogeneity of the sample of patients with schizophrenia, whose ages va ried greatly (18 to 60), in addition to the different ages of onset of the illness and its different duration times. The standards of deficits found could therefore be connected to different factors, with comparison of a simple average being a masking effect for different cognitive profiles 44 . More controlled studies could investigate the impact of these variables (age, onset age and illness duration) on cognition, particularly regarding updating of WM in schizophrenia.
Future studies must also engage in looking for evidence backing the utility of the measures presented here for clinical tests aimed at improving cognition in schizophrenia. In order to do this, analysis of the test-retest precision is fundamental, as is investigation of whether these tests are useful as repeated measures, that is, free of learning effects. Likewise, it is important to investigate the relationships between cognitive deficits and the functionality of patients. This study found only a weak relationship, albeit a significant one, between the LUT and WUT and generic functionality measures. New studies, with more specific functionality measures, such as personal hygiene, use of money, transportation use, and leisure, should be done in an effort to clarify whether these measures do in fact have any usefulness in studies involving functionality 45 .
CONCLUSIONS
The study presented two WM updating measures. The results showed good rates of internal consistency and evidence of validity based on the internal structure and relations to other variables, including standards of convergence and divergence, in addition to relations with external criterion, for both instruments. Considering the reality in Brazil, a country with a scarcity of neuropsychological instruments based on constructs of cognitive psychology, this study partly fills this gap, especially in investigation of aspects of WM in schizophrenia, one of the core loss characteristics of the illness. Future studies investigating the relationship of these measures with different aspects of functionality and their efficacy in clinical testing should be performed.
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